Extracellular matrix abnormalities have been found in both human and animal models of polycystic kidney disease (PKD). A new mouse PKD model has been produced through insertion of a PGKneo cassette in an intron of the gene that encodes laminin ␣5 (Lama5), a major tubular and glomerular basement membrane component that is important for glomerulogenesis and ureteric bud branching. Lama5 neo represents a hypomorphic allele as a result of aberrant splicing. Lama5 neo/neo mice exhibit PKD, proteinuria, and death from renal failure by 4 wk of age. This contrasts with mice that totally lack Lama5, which die in utero with multiple developmental defects. At 2 d of age, Lama5 neo/neo mice exhibited mild proteinuria and microscopic cystic transformation. By 2 wk, cysts were grossly apparent in cortex and medulla, involving both nephron and collecting duct segments. Tubular basement membranes seemed to form normally, and early cyst basement membranes showed normal ultrastructure but developed marked thickening as cysts enlarged. Overall, Lama5 protein levels were severely reduced as a result of mRNA frameshift caused by exon skipping. This was accompanied by aberrant accumulation of laminin-332 (␣3␤3␥2; formerly called laminin-5) in some cysts, as also observed in human PKD. This constitutes the first evidence that a primary defect in an extracellular matrix component can cause PKD.
L aminins are heterotrimeric glycoproteins that are present in all basement membranes (BM), the specialized extracellular matrices that are associated with all epithelia, endothelia, muscle cells, fat cells, and peripheral nerves. At least 15 distinct laminin trimers, containing various combinations of 5␣, 4␤, and 3␥ subunits, have been found in mammals (1) . We previously identified the laminin ␣5 (Lama5) chain as a novel subunit with widespread expression (2) . Both Lama5 and Lama1 chains are especially prevalent in kidney (3, 4) . Laminin-511 (consisting of the ␣5␤1␥1 chains and formerly known as laminin-10; see ref [5] for new nomenclature) is found in BM that underlie tubules and parietal epithelium of Bowman's capsule and in the mesangial matrix. Laminin-521 (␣5␤2␥1; previously laminin-11) has a more restricted distribution in the kidney, being limited primarily to the glomerular BM (GBM) and vascular smooth muscle BM. Laminin-111 (␣1␤1␥1, previously laminin-1) is found in the mesangium and in BM of proximal tubule, Bowman's capsule, and loop of Henle, as well as in the immature GBM (6) .
Mice that are homozygous for a null mutation in the gene that encodes Lama5 die at embryonic day 14 (E14) to E19 with multiple developmental abnormalities. The kidney phenotypes include avascular glomeruli, impaired branching morphogenesis, and occasional renal agenesis (7) . In addition, Lama5Ϫ/Ϫ mice exhibit defects in neural tube closure, digit septation, lung morphogenesis, neural crest migration, and placentation (8 -11) .
In polycystic kidney disease (PKD), abnormalities in cyst BM, including thickening and lamination, have been widely reported (12) (13) (14) (15) . Altered BM composition also has been described. For example, immunofluorescence and biochemical data have shown decreased levels and synthesis and altered posttranslational modification of a heparan sulfate proteoglycan that now is thought to be perlecan (16) . In contrast, type IV collagen and laminin have been reported to be focally increased (17) . Ectopic deposition of laminin-332 (␣3␤3␥2; formerly laminin-5) in cyst BM also has been reported (18) . The significance of these findings is difficult to discern; the BM alterations reported have been observed primarily at late stages of disease, after cysts have become well developed and enlarged, and therefore may represent secondary changes.
The focus of PKD research has turned recently to the structure and function of cilia, yet the predicted structure of polycystin-1 (PC1), the product of one of the two genes that are responsible for human autosomal dominant PKD (ADPKD), suggests that it could serve as a receptor for extracellular matrix (ECM) components (19) . Recent in vitro data using PC1 fusion proteins showed that PC1 fragments are capable of binding laminin (20) . However, in vivo data implicating altered cellmatrix interactions in the pathogenesis of PKD have been lacking. Here we report the generation of a hypomorphic allele of Lama5 resulting in greatly reduced Lama5 gene expression and the consequent development of PKD, proteinuria, and death at 3 to 4 wk of age from renal failure. Our results show for the first time that a primary defect in a presumably non-cilia-associated matrix protein can cause PKD.
Materials and Methods

Generation and Genotyping of Mutant Mice
Mice that carried the Lama5 neo locus ( Figure 1 ) were generated from two independently targeted embryonic stem cell clones as described previously (10) . This locus carries a PGKneo cassette that is flanked by frt recombination sites inserted into a KpnI site in intron 21 of Lama5. Primers F14 (5Ј-ACCATGGGTATCCCGACTGTCACG-3Ј) and R15 (5Ј-TCGGGTCACAGGTTGTATGCAAGG-3Ј) were used in tail DNA PCR reactions to identify mice that carried the targeted locus. Animal studies were approved by the Washington University Animal Studies Committee.
Histology and Electron Microscopy
Tissues were fixed in 10% buffered formalin (DiRuscio and Associates, Fenton, MO) and embedded in paraffin. Three-micrometer sections were cut and stained with hematoxylin and eosin. For electron microscopy, tissues were fixed in 2.5% glutaraldehyde/2% paraformaldehyde/0.1 M sodium cacodylate (pH 7.4), postfixed in aqueous 1.25% osmium tetroxide, dehydrated through an ethanol series, embedded in Polybed (Polysciences, Warrington, PA), and sectioned on a Reichert Ultracut (Leica, Vienna, Austria). Ultrathin sections were stained with 4% uranyl acetate and lead citrate and visualized under a Jeol CX-100 transmission electron microscope (Tokyo, Japan).
Antibodies and Immunofluorescence
Rabbit antibodies 8948 and 1586 to mouse Lama5 recognize epitopes in domains LEb and L4b (formerly IIIb and IVa; encoded by exons COOH-terminal to the insertion) and were described previously (4). Rabbit anti-mouse Lama5 domains LN/LEa (formerly VI/V; encoded by exons NH2-terminal to the insertion) was a gift from Takako Sasaki and the late Rupert Timpl (Martinsried, Germany) (21) . Rabbit antihuman laminin-332 (␣3␤3␥2; formerly laminin-5) was a gift from Peter Marinkovich (Stanford University, Stanford, CA) (22) . Rabbit antimouse laminin-111 was purchased from Sigma. Rat anti-integrin ␣6 and ␤4 were purchased from BD Biosciences (San Diego, CA). Mouse anti-acetylated tubulin (6 -11B-1) was purchased from Sigma (St. Louis, MO). Nephron segment identification was determined by staining with rat anti-mouse cytokeratin 8 (TROMA-1; Developmental Studies Hybridoma Bank, Iowa City, IA) to mark collecting ducts, rabbit antiTamm-Horsfall protein (Biomedical Technologies, Stoughton, MA) to mark thick ascending limb of the loop of Henle, and FITC-conjugated Lotus tetragonolobus lectin (Vector Laboratories, Burlingame, CA) to label proximal tubules.
Tissues were embedded in OCT and frozen in 2-methylbutane cooled with a dry-ice/ethanol bath. Seven-micrometer cryosections were fixed in 2% paraformaldehyde in PBS. Blocking was performed with 1% goat serum and 1% BSA in PBS. Primary antibodies were applied for 1 h at room temperature or overnight at 4°C. Appropriate Cy3-or FITCconjugated goat anti-rabbit or goat anti-rat secondary antibodies (ICN/ Cappel Biomedicals, Irvine, CA) were applied for 30 min to 1 h. Images were visualized under a Nikon E800 epifluorescence microscope and captured with a Diagnostics Instruments Spot 2 CCD camera (Sterling Heights, MI).
Reverse Transcription-PCR and DNA Sequencing
Tissues were flash frozen in liquid nitrogen or placed in RNA Later (Qiagen, Valencia, CA) before freezing. After homogenization, RNA was extracted with Tri Reagent (Molecular Research Center, Cincinnati, OH) and treated with DNase using the DNA-Free kit (Ambion, Austin, TX). Three micrograms of total RNA was reverse transcribed with Superscript III (Invitrogen, Carlsbad, CA) using random hexamers as primers. A 1.5-l aliquot of this reaction was amplified with KlentaqLA DNA polymerase (Clontech, Palo Alto, CA) for subsequent sequencing. For real-time quantitative reverse transcription-PCR (RT-PCR), cDNA was amplified using Sybr Green I PCR Master Mix (Applied Biosystems, Foster City, CA) with the addition of uracil DNA glycosylase (Invitrogen) to prevent the reamplification of carryover PCR products. Amplicons were generated and analyzed with the GeneAmp 5700 Sequence Detection System (Applied Biosystems). Primers that were used for Lama5 were as follows: sense 5Ј-ACCCAAGGACCCACCTG-TAG-3Ј and antisense 5Ј-TCATGTGTGCGTAGCCTCTC-3Ј; for glyceraldehyde-3-phosphate dehydrogenase were sense 5Ј-TGGCAAAGTG-GAGATTGTTGCC-3Ј; antisense, 5Ј-AAGATGGTGATGGGCTTCCCG-3Ј. Quantification of Lama5 gene expression was determined by the standard curve method with glyceraldehyde-3-phosphate dehydrogenase as an endogenous control. A two-step PCR protocol was followed with a melting temperature of 95°C and annealing temperature of 60°C for 40 cycles.
PCR products that were generated with primer sets that were designed to amplify cDNA flanking the PGKneo insertion (exons 20 to 23) were gel purified, cloned into a TA vector using the TOPO Cloning kit (Invitrogen), and sequenced using the BigDye 3.1 cycle sequencing kit (Applied Biosystems). Amplification primers were as follows: sense primer in exon 20 5Ј-TTCTTTGGCCTGGATTATGC-3Ј, antisense primer in exon 23 5Ј-GGTACAGCTGGAAAGCTTGC-3Ј.
Western Blot Analysis
Kidneys were flash-frozen in liquid nitrogen. BM-enriched extracts were prepared as described (4) . Samples of 15 g of total protein were subjected to 3% SDS-PAGE under nonreducing conditions. Western blotting was performed with antibody 1586. Purified mouse laminin-511 and human laminin-211 were included as positive and negative controls, respectively.
Results
During the course of making a conditionally mutant allele of Lama5, we generated mice that carried a loxP site and a PGKneo cassette flanked by frt sites in intron 21 of Lama5 and a second loxP site in an upstream intron (the Lama5 neo allele; Figure 1 ). Mating to a mouse that expressed FLPe recombinase results in removal of the neo cassette, leaving the loxP site adjacent to a single frt site in intron 21 and producing a functional but conditionally mutant allele (10) .
To determine whether the Lama5 neo allele might exhibit partial activity that would provide novel insights into the biology of Lama5, we intercrossed heterozygous Lama5 ϩ/neo mice to produce homozygous Lama5 neo/neo offspring. At postnatal day 7 (P7), the time when tail clips were collected for genotyping, there were approximately half the number of expected Lama5 neo/neo pups. Moreover, whereas heterozygotes were indistinguishable from wild-type, Lama5 neo/neo mice were smaller ( Figure 1 ) and exhibited PKD, progressive renal failure, and death by P28. The kidneys of Lama5 neo/neo mice were similar in size to or larger than controls ( Figure 1 ). This is consistent with the enlarged kidneys observed in human PKD and contrasts with the smaller kidneys seen in cystic dysplasia or acquired cystic disease, for example.
Histopathology and Renal Function Defects
Examination of hematoxylin-and eosin-stained paraffin sections at various ages revealed the presence of multiple large cysts by P14 and evidence of tubular dilation as early as P1 to P2 (Figure 1 ). Interstitial fibrosis also was prominent at later ages. In some cysts, epithelial cells lost their normal unilayered orientation, because cells were piled on top of one another with apparent loss of apposition to the BM.
Most cysts originated from proximal tubules, as shown by staining with the Lotus tetragonolobus lectin (Figure 2A ). In addition, antibodies to Tamm-Horsfall protein stained some cyst epithelia, indicating an ascending limb of loop of Henle origin, whereas cytokeratin 8 and aquaporin-2 antibodies stained others, denoting collecting duct involvement (Figure 2 , B and C). Consistent with the development of a de-differentiated phenotype, some large cysts failed to label with any of the markers, although a distal tubule origin for these cannot be ruled out.
By P21, the affected mice showed evidence of renal failure; the mean Ϯ SD serum urea nitrogen was 106 Ϯ 71, compared with 19 Ϯ 6.5 in controls. Urine protein-to-creatine ratios were elevated at 95 Ϯ 0.5 versus 12 Ϯ 1.9 mg protein/mg creatinine in controls. Increased protein excretion was an early event, as 
Tubular Ultrastructure
Transmission electron microscopic analysis of large cysts from 3-wk-old mice (Figure 3 ) revealed flattened epithelial cells that often were devoid of characteristic tubular cell features, such as a dense brush border. The underlying BM were of uniform density and thickened. At advanced stages, cyst BM typically overlay deposits of fibrillar collagen, which was abundant in the expanded interstitium. When early cysts from P1 mice were examined, however, BM appeared normal (Figure 3) , indicating that BM formation per se was not perturbed in Lama5 neo/neo mice. These data also suggest that BM thickening represents secondary changes that are associated with cyst enlargement and is not a primary abnormality.
Cell Polarity, Proliferation, and Apoptosis
In PKD, tubular epithelial cells frequently exhibit alterations in polarity. However, here we did not observe significant changes in the localization of normally polarized cell markers, such as E-cadherin, ␤-catenin, and aquaporin-2 (data not shown). Alterations in proliferation and apoptosis also are observed frequently in PKD. Here, proliferation was increased, as more tubular epithelial cells in Lama5 neo/neo mice exhibited bromodeoxyuridine uptake at P20, most notably in cystic epithelia ( Figure 4A ). Proliferation also was noted to a lesser extent in the interstitial compartment. As assessed by terminal deoxynucleotidyl transferase-mediated dUTP nick-end assay, there was a focal increase in apoptosis, primarily in cystic tubular epithelia ( Figure 4C ).
Alterations in Lama5 Protein and mRNA
We investigated how the PGKneo insertion affected Lama5 protein levels by immunohistochemistry and Western blotting. Accumulation of Lama5 was consistently reduced overall in Lama5 neo/neo kidney BM (Figure 2, D and E) . This was observed as early as E17.5 (data not shown). Moreover, the pattern of Lama5 immunoreactivity was not uniform. In mutants, some tubular BM stained normally, whereas others showed little to no staining. In addition, most cysts exhibited little or no staining for Lama5 (Figures 2 and 4) , suggesting that the deficiency in Lama5 protein is associated with cyst formation. Western blot of total kidney BM preparations reflected the immunofluorescence results; Lama5 protein was greatly reduced compared with littermate controls at both P4 and P23 ( Figure 5A ). Lung, intestine, and heart showed uniform decreases in Lama5 protein by immunofluorescence, but they manifested no detectable defects (data not shown).
Regarding the mechanism that leads to the reduced levels of Lama5 in BM, we hypothesized that the PGKneo cassette in intron 21 was disrupting gene transcription and/or RNA splicing, and we used RT-PCR analysis to investigate this. When RT-PCR was performed with primers that were designed to amplify cDNA from exons 20 to 23 of Lama5, an amplicon of the expected size (432 bp) was obtained from both wild-type and Lama5 ϩ/neo kidney RNA ( Figure 5B ). In addition, a smaller band (approximately 300 bp) was detected in Lama5 ϩ/neo and Lama5 neo/neo kidneys ( Figure 5B ). Sequencing of the approximately 300 bp amplicon revealed that it represented the product of splicing exon 20 directly to exon 22 ( Figure 5B ). The skipped exon 21 is 100 bp, resulting in a shift of the reading frame for the remaining 59 exons (of 80 total) downstream. Any protein that is translated from this mutant mRNA would contain the first 833 amino acids (of 3718 total), comprising only domains LN and most of LEa ( Figure 5C ). Furthermore, quantitative real-time RT-PCR using primers that are designed to amplify cDNA from exons 21 to 22, which both are present only in properly spliced mRNA, showed a variable two-to eightfold decrease in full-length Lama5 mRNA in Lama5 neo/neo mice compared with controls. We also considered the possibility that the PGKneo cassette was causing PKD by altering the expression of a nearby gene (23) . We therefore searched the Ensembl Mouse database (http://www.ensembl.org/Mus_musculus/index.html) to identify genes that neighbor Lama5 on chromosome 2. The 5Ј end of Adrm1, which encodes adhesion regulating molecule-1, lies 25 kb 3Ј of the PGKneo insertion, in a practically overlapping tail-to-tail orientation with Lama5. We performed RT-PCR for Adrm1 and obtained equivalent bands from wild-type and Lama5 neo/neo kidney RNA (data not shown), suggesting that disruption of Adrm1 expression by PGKneo is unlikely. 
Detection of Truncated Lama5
As discussed in the previous section, the reading frameshift could lead to production of a truncated protein that contains ␣5 domains LN and LEa. This truncated protein should be incapable of assembling with ␤ and ␥ chains because it would lack the laminin coiled-coil domain ( Figure 5C ). Using an antibody specific to ␣5LN/LEa, we detected Lama5 in BM in all kidneys tested, but in Lama5 ϩ/neo and Lama5 neo/neo kidney, we also detected intracellular punctate staining that was absent from wild-type ( Figure 2F and data not shown). Antibody to ␣5LEb/ L4b did not show this punctate staining ( Figure 2G ). We conclude that a truncated protein is produced from the aberrantly spliced mRNA, but it is unlikely to incorporate into BM. In addition, because the heterozygous mice are normal, the truncated protein itself does not cause PKD. Taken together, these results are consistent with the cystic transformation of tubules being a consequence of greatly reduced Lama5 protein in some tubular BM.
Glomerular Defects
Lama5 is necessary for GBM formation (7) . By immunofluorescence, expression of Lama5 seemed less perturbed in glomeruli than in tubules (Figures 2 and 4) . A variety of nonspecific changes in glomeruli that are consistent with advanced renal failure were apparent by light microscopy, including ischemic atrophy of the glomerular tuft, occasional globally sclerosed glomeruli, and hypertrophy of the glomerular tuft ( Figure 6 and data not shown) . GBM thickening and foot process effacement were present in some glomeruli at late stages, but relatively normal areas of glomerular capillary wall also were present ( Figure 6 and data not shown). These findings indicate that a decrease in Lama5 protein does not prevent assembly of the GBM, but the presence of proteinuria within a few days of birth (as discussed in the previous section) suggests that a breach in the glomerular barrier exists.
Aberrant Expression of Laminin-332 and Integrin ␣6␤4
Laminin-332 (␣3␤3␥2; formerly laminin-5) is not normally detected in mature nephron BM but was found previously in tubular BM in human PKD (18) . Similarly, Lama5 neo/neo mice showed laminin-332 deposition in some ( Figure 7, A and B) but not all (e.g., the cysts shown in Figure 4 , A and B, lacked laminin-332) cyst BM. Laminin-332 expression was observed as early as P2 and therefore is likely a compensatory response to the deficiency in Lama5 rather than simply a secondary result of cystogenesis.
The known cell surface receptors for laminins include integrins, dystroglycan, and the Lutheran glycoprotein (1). By immunofluorescence, the expression patterns of integrin ␣3, Lutheran, and ␣-dystroglycan were unaltered in Lama5 neo/neo kidneys (data not shown). Integrin ␣6␤4 is regarded as the preferred receptor for laminin-332, although it also may mediate cell adhesion via Lama5-containing isoforms (24) . Both ␣6 and ␤4 integrins were variably elevated in cyst-lining epithelia in Lama5 neo/neo mice ( Figure 7, C and D) . Therefore, aberrant expression of laminin-332 in BM is accompanied by increased expression of its preferred receptor. 
Cilia Are Present in Cyst Epithelial Cells
Most forms of PKD have been related to defects in the structure or function of primary cilia (25) . We therefore considered the possibility that the reduction in Lama5 led to a secondary defect in assembly of cilia, perhaps as a result of altered epithelial cell phenotype. Immunostaining for acetylated ␣-tubulin as a marker for primary cilia was unchanged in Lama5 neo/neo mice ( Figure 7 , E through H), and cilia were detectable by transmission electron microscopy ( Figure 7, I and J) . However, we cannot be sure that these cilia function properly.
Discussion
We showed previously that Lama5 is required for vascularization of glomeruli and that its COOH-terminal LG domain mediates binding of mesangial cells to the GBM so that they can maintain capillary loop structure (7, 26 ). Here we show that Lama5 also is involved in maintaining homeostasis of the tubular compartment of the nephron. The kidneys of Lama5 neo/neo mice display remarkable similarities to human PKD, as well as to PKD animal models. As in other PKD models, we found dysregulated proliferation and apoptosis. The unusually rapid loss of renal function in Lama5 neo/neo mice likely results from glomerular disease superimposed on the cystic transformation of tubules. This is the first demonstration that a primary defect in an ECM component can cause PKD. The insertion of a PGKneo cassette in an intron of Lama5 generated a hypomorphic allele that resulted from aberrant RNA splicing and reduced fulllength mRNA and protein levels. Because BM assembled normally and early cystic tubules exhibited seemingly normal BM, we conclude that there exists a role for Lama5 in maintaining epithelial homeostasis beyond a purely structural role in the ECM.
Insertion of selectable markers in noncoding regions was shown previously to affect gene expression, both at the DNA and the RNA levels (27) (28) (29) (30) . Here, our RT-PCR results show that the presence of PGKneo in intron 21 of the approximately 50-kb primary Lama5 transcript impairs splicing and results in frequent skipping of exon 21. In addition, the transcription termination signal in the PGKneo cassette likely reduces the level of transcripts that include the downstream exons, regardless of whether they are spliced correctly. It is interesting that the tubular segments that seem to express normal levels of ␣5 also express the truncated form, whereas other segments express neither ( Figure 2 ). This suggests that there may be cell type-specific effects on the ability to read through the PGKneo cassette so that splicing and polyadenylation of RNA can occur and protein can be synthesized, whether truncated or full length.
Most of the developmental defects in Lama5 null mice are associated with breakdown or discontinuity of BM (7,9), but we did not observe overtly defective tubular BM in Lama5 neo/neo mice. It is possible that adhesion of tubular epithelia to BM with decreased Lama5 content is altered, leading to phenotypic changes. Consistent with this hypothesis, cystic epithelia from the murine cpk model of PKD exhibit increased integrin-mediated adhesion to type I collagen, type IV collagen, and laminin (31) , representing an inherently altered behavior. Likewise, a potential explanation for our findings is that signaling cascades that are mediated by integrins are altered as a consequence of the reduction in Lama5 content and/or the ectopic deposition of laminin-332, a trimer that normally is not found in nephron BM but that has been reported in human PKD (18) .
The great majority of PKD models involve mutations in genes that are related to the structure and the function of primary cilia (25) . How could reduced levels of a BM protein produce a similar phenotype? When the primary structure of PC1 first was described, it was speculated to function as a receptor for ECM molecules (19, 20, 32, 33) . Although the precise localization of PC1 still is not without controversy, there is evidence that it is expressed on basolateral surfaces, as well as apically in association with cilia (34) . Recombinant PC1 peptides have been shown to bind laminin in vitro (20) , suggesting the possibility that PC1 might normally interact with Lama5 at the basal cell surface.
Several reports have cited an increase in EGF signaling in PKD and its animal models (34) . The N-terminal arm of most laminin chains contains multiple EGF-like repeats that are interrupted by globular domains. Fragments of laminin-111 that contain EGF-like repeats increase cell proliferation by a mechanism that likely involves the EGF receptor (35) , and laminin-332 fragments have been shown to bind the EGF receptor and stimulate cell migration (36) . The truncated ␣5 protein that likely is produced in Lama5 neo/neo kidney would contain most of domain LEa, which consists of EGF-like repeats. Although highly speculative, it is possible that such a truncated product would be secreted and potentially stimulate EGF receptors and promote cystogenesis in Lama5 neo/neo kidneys. Alternatively, proteolytic processing of laminin-332 (22) may be a source of biologically active laminin EGF-like fragments. Conversely, aberrant signaling from laminin-332 through its receptor that is detected at elevated levels in cysts, integrin ␣6␤4, could be responsible for the cystic transformation.
Aberrant expression of laminins is a recurring theme in kidney disorders that involve BM proteins. For example, mice that lack the laminin ␤2 chain, a component of laminin-521 that is crucial for GBM function, abnormally retain the laminin ␤1 chain in the GBM (37) . Mice, dogs, and humans who lack the ␣3␣4␣5 collagen IV network and exhibit features of Alport syndrome display ectopic deposition of Lama1 and/or Lama2 in the GBM (38 -42) . An unresolved issue in these cases is the extent to which abnormal expression of the ectopic laminin isoform contributes to disease pathogenesis. Likewise, it is not clear whether aberrant expression of laminin-332 directly causes cystogenesis, because the protein is found in some but not all cysts.
Conclusion
Cilia-mediated signaling is hypothesized to influence cell polarity and maintenance of the differentiated epithelial cell phenotype. Our results provide the first genetic evidence in vivo that cell-matrix interactions also are involved in maintaining tubular epithelial cell homeostasis. It is possible that a downstream function of cilia-mediated signaling is to regulate interactions with the BM or, conversely, that cell-matrix interactions influence cell phenotype and the response to cilia-mediated signaling. Disturbing either the ciliary or the cell-matrix aspect then can result in PKD. Investigations are under way in our laboratory to explore these possibilities.
